ABSTRACT
INTRODUCTION
Dengue virus (DENV) infection causes wide spectrum of diseases characterized with dengue fever (DF) and dengue hemorrhagic fever (DHF) or dengue shock syndrome (DSS). 1 These diseases are caused by four serotypes of DENV, which are transmitted by infected Aedes mosquitoes. 2, 3 Mostly DF is mild while subsequent infection with different serotypes may lead to severe DHF/DSS, and if prompt treatment is not undertaken, the disease may be critical. The clinical features of dengue are nonspecific as symptoms mimic other diseases such as Japanese encephalitis, malaria, leptospirosis and influenza. 4 Therefore, early diagnosis of patients is very important for proper treatment.
The isolation of DENV in cell culture or detection of viral
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The aim of the study was to determine the prognostic value of commonly used rapid test for dengue diagnosis in Nepalese population and to assess the magnitude of the disease burden during 2010 epidemic of dengue.
METHODS
The study was designed as a descriptive cross-sectional study. The study was carried out between June and November of the year 2010. The total numbers of 131 serum samples (acute and nonacute) were collected from febrile patients with clinical symptoms and suspected of DENV infection during epidemic from Bharatpur hospital, Bharatpur; Dhading district hospital, Dhading and Damauli district hospital, Tanahu. 9 Acute serum samples were taken from patients having fever in the early five days of DENV infection. Similarly, nonacute samples were collected from patients after five days of infection. Patients that were positive to malaria and typhoid were excluded from the study. The serum samples were stored and transported maintaining reverse cold chain to Everest International Clinic and Research Center (EICRC). The samples were tested by reference assay i.e. IgM capture ELISA followed by rapid test. The entire test was done at EICRC, Kathmandu, Nepal.
Detection of anti-dengue IgM by ELISA (SD, Bioline, Korea)
The required numbers of the wells were determined for the assay. Immediately 100 µl of diluted serum (1:100) was added into wells coated with anti-human IgM. The plate was incubated at 37 0 C for 60 minutes. Then, the plate was washed five times with diluted wash buffer. A mixture of 100 µl Ag and HRP conjugated MAb was added to the wells. Again the plate was incubated at 37 0 C for 60 minutes. The plate was then washed several times with diluted wash buffer. One hundred micro liter of TMB was pipetted and added to each well. Incubation was done at 20-25 0 C for 10 minutes. Finally, 100 µl of stop solution was added and observed the change in color pattern. Within 30 minutes, the absorbance of each well was taken at a wavelength of 450 nm with a reference filter of 620 nm by using ELISA Reader. The test was interpreted either positive or negative on the basis of cut-off value of the sample. The cut-off value *Samples collected from patients with fever during early five days of infection # Samples collected from patients after five days of infection was obtained by addition of 0.3 to average absorbance of negative controls. If absorbance of the sample was greater than cut-off value, then it was considered positive and less than cut-off value as negative.
Rapid immunochromatographic test (SD, Bioline, Korea)
The kit and specimen were allowed to keep in room temperature. The test device from foil pouch was obtained and 5 µl of serum was added to square well marked "S" using capillary pipette. Few drops (3-4) of assay diluents were added to round shaped well and the result was read within 20 minutes. The result was interpreted negative if the control line was only visible on the test device. The test was IgM positive when the control line (C) and IgM line (M) were visible on the device. The result was considered invalid if control line failed to appear.
Analysis
Diagnostic accuracy was calculated using RDT result and compared with the outcome of reference assay ELISA. A 2 × 2 table was constructed in which the result of reference assay was cross tabulated with the index RDT to define true positive, false positive, false negative and true negative values. Likewise sensitivity, specificity, negative predictive value and positive predictive value were also determined. The kappa statistic was used as a measure of agreement between RDT and the reference assay. The demographic information was obtained by direct interview through questionnaire and consent was taken during collection of serum samples. The collected data was analyzed using Win Pepi and SPSS version 16 software.
RESULTS
Among 131 febrile patients with median age 35.5 years old (range 1-68), 50 were positive to anti-dengue IgM by ELISA while the rest was negative ( Table 1) . The immunochromatographic test detected anti-dengue IgM in only 35 patients out of 50 that were positive by enzyme immunoassay. The remaining 15 patients were negative by rapid test. The number of patients that were negative by enzyme immunoassay but positive by rapid test was 19 ( Table 2 ). The sensitivity of rapid immunochromatographic test was 70% and specificity was 76.54%. The kappa value of the test was 0.46 (Table 4) .
DISCUSSION
The rapid diagnosis of dengue is indispensable during dengue epidemic for proper management of the patients. Diagnosis depends on the accuracy of the test to discriminate DF from other complaints. 10 The diagnostic accuracy is essential because the clinical symptoms of dengue are similar with other febrile illness. Moreover, the early diagnosis is helpful for prognosis of severe forms of dengue such as DHF/DSS and their prompt and appropriate treatment. 11 The RDT of dengue can be achieved by immunochromatographic method. Despite its presumptive diagnosis, it is a useful tool for diagnosis of primary and secondary dengue infection. 12 Various commercially available rapid diagnostic kits are used and these vary in their sensitivity and specificity. The evaluation of such test kits have not been done earlier and we evaluated the most commonly used rapid diagnostic device during epidemic of dengue in 2010. The study was concentrated to assess the test ability to detect IgM so, the results of the IgG detection bands were not taken into consideration.
Immunoglobulin M (IgM) capture ELISA (SD, Bioline, Korea) was chosen as a gold standard for confirmatory diagnosis of DENV infection. This enzyme immunoassay revealed 97.6% sensitivity along with specificity of 86.6%. The overall performance was graded perfect as given by kappa value of 0.85 so, the kappa value of 0.81 or more is regarded almost perfect for serological diagnosis. 13 Therefore, rapid immunochromatographic test was evaluated with reference to ELISA. Firstly, serum samples were tested with IgM capture ELISA then, dengue positive and negative samples were analyzed by immunochromatographic method. The sensitivity of the rapid test was 70% while its specificity was 76.54%. The kappa value (0.46) for RDT was not in agreement with the reference assay.
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The result was similar to the study conducted by World Health Organization (WHO) to evaluate the commercially available four rapid test kits in which one of them was SD, Bioline. The sensitivity and specificity of the test was 60.9% and 90% respectively with kappa value of 0.5. 13 But, the result was not in accordance with the earlier study performed in which SD, Bioline had sensitivity and specificity of 10.6% and 99% respectively.
14 Similarly, the result was also different from another study done where SD, Bioline showed sensitivity of 21.8% and 98.85% specificity. 4 In addition to these, the findings of the present study were in contrast with other studies done in Thailand (sensitivity 79% and 95% specificity) and Pakistan (sensitivity 48% and 100% specificity).
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The variation in sensitivity and specificity of rapid test kit among different studies laid a big question. Nevertheless, the possible justification might be due to regional differences of enrolled patients and the untimely collection of specimen after the onset of the disease. 5 The other confounding factors for the result might be storage temperature of the test kit and prevalence of other febrile endemic diseases. The collection of blood sample at appropriate time is important for serological diagnosis of DENV infection. The dengue IgM antibody is produced at about five days after the disease onset. Therefore, samples collected at the early stage of acute infection may provide a false negative result and one should be encouraged for second test at the time of discharge to confirm DENV infection. Likewise, storage conditions can influence the performance of dengue RDT. The sensitivity of rapid immunochromatographic test kit decreases when stored at 35 o C but there is no loss at 4 o C. 4 The test kits might be exposed to high temperature and humidity during transportation, which could directly influence the test performance. 13 The performance of the rapid test is important for early diagnosis of acute dengue patients. The claim of manufacturer regarding the performance characteristics (91.2% sensitivity; specificity 90%) did not comply with our result. The test device we employed was not highly sensitive (70%) to detect cases while the specificity was slightly high (76.54%). The false-positive reactivity of rapid test might be due to occurrence of prevalent diseases such as malaria, leptospirosis, brucellosis and even influenza where dengue is endemic. 4 The test can be encouraged in a condition when there is low prevalence of those diseases. Clearly, this underscores the urgent need of investigation for proficient use of RDT in the diagnosis of dengue.
The prevalence of dengue disease was 38.17% and this was estimated by IgM capture ELISA. The burden of the disease was high as compared to the previous studies. 16, 17 The percentage of males (44) infected with DENV was high as compared to females (30.36) which was in harmony with other studies. 17, 18 The odds ratio for males was 1.8 however, the association between the disease and sex was statistically not significant (P>0.05). Certainly, the disease has been recognized as a public health problem since 2006 outbreak however; surveillance of the disease is still missing.
The number of dengue cases has been gradually increasing each year and mortality has occurred in 2010 epidemic. It is high time that preparedness for management of patients should be undertaken at the earliest for potential dengue epidemic.
CONCLUSION
The rapid immunochromatographic test was evaluated against the gold standard ELISA and the overall performance of the rapid test was not good indicating low prognostic value so, the alternative to SD, Bioline with high accuracy should be explored for early diagnosis of DENV infection. Health personnel should consider appropriate timing of sample collection for better performance of RDT.
